Wiejaczka Ł, olędzki j.R., BucaŁa a., kijoWska-stRugaŁa M. 2017. A spatial and temporal analysis of land use changes in two mountain valleys: with and without dam reservoir (Polish Carpathians). Quaestiones Geographicae 36(1), Bogucki Wydawnictwo Naukowe, Poznań, pp. 129-137, 5 figs, 4 tables.
Introduction
The socio-economic transformations taking place in the Polish Carpathians in recent decades have led to significant changes in the structure of land use. One of the manifestations of these changes is a gradual decrease in the arable land due to the declining profitability of traditional farming in the mountains and an increase in forest areas (e.g. Kozak 2003 , Szwagrzyk 2004 , Dec et al. 2009 , Kaim 2009 , Ostafin 2009 , Bucała et al. 2015 , Kijowska-Strugała 2015 , KijowskaStrugała, Demczuk 2015 . The changes occurring in the Polish Carpathians correspond with an earlier trend found in other mountainous regions in Europe, namely the declining proportion of cultivated land and the increasing area of forests (eg. Bätzing et al. 1996 , MacDonald et al. 2000 , Lipský 2001 , Falcucci et al. 2007 ). In addition to general socio-economic transformations, changes in the structure of local land use are compounded by additional factors, e.g. the construction of dams.
The creation of a dam and reservoir is human intervention in the natural environment, causing, among other things: changes in the hydrological regime of the river, riparian ecosystems, the channel and valley morphology, the biodiversity of river species and water quality (e.g. magilligan, Nislow 2005 , Nilsson, Berggren 2000 , Petts, Gurnell 2005 , Power et al. 1996 , Graf 2006 , Wei et al. 2009 ). Significant changes related to the operation of reservoirs also occur in the structure of land use in the immediate vicinity (e.g. Vandeveer, Drummond 1976 , Tefera, Sterk 2008 , Cao et al. 2011 , Woldemichael et al. 2012 , Pilgrim 2014 . The immediate effect observed after dam construction is that the landscape is instantly filled with the reservoir water (Woldemichael et al. 2012) . Research into the changes in land use around the reservoirs (in the literature cited above) in different areas of the world show a general increase of nonagricultural land use (forest, bare ground, residential/other development) and a decrease in agricultural land use (pasture/grassland and cultivated areas) observed after the creation of water reservoirs.
According to Woldemichael et al. (2012) , most of anthropogenic changes around dams are prominent once the dam becomes functional and it is previous to investigate the conditions after the dam construction to compare it to the initial undisturbed conditions before (pre-dam) in terms of LULC changes. Vandeveer, Drummond (1976) argue that the difficulty in comparing changes in land use before and after creation of reservoirs is in distinguishing the land use changes associated with reservoir creation from land use changes associated with changing economic conditions and other factors. The problem is finding a comparable area similar in all respects but without the presence of a reservoir; and with the assumption that the difference in land use between the two areas is solely due to reservoir creation. The authors argue that an accurate estimation of the impact of reservoir creation requires the determination of differential land use change which is identified by comparing the projected land uses had the reservoir not been constructed with the actual land uses following the reservoir creation. Pre-investment patterns of land use change are used to project land use patterns that would have existed in the future if the reservoir had not been constructed.
The main aim of this paper is a temporary and spatial analysis of the changes in land use in two Carpathian valleys, with and without dam reservoir. The paper presents the changes of land use in the neighbouring valleys of the Carpathians, with similar natural conditions. This analysis compares the land use in parts of the Biała river and the Ropa river valleys in the years 1977-2009. land development in the Biała river valley took place in a natural, evolutionary manner during this period. However, in the Ropa river valley construction of a dam for the retention reservoir started in 1975 to be completed in 1994. This disrupted the natural evolution of the development of this valley. The analysis of land use in both valleys were based on aerial photographs and orthophotomaps.
Study area
The study area is situated in southern Poland, within the Carpathians, close to the Polish-Slovakian border (Fig. 1) . The study involved two selected parts of the neighbouring river valleys: Ropa and Biała. Both rivers are located in the upper basin of the Vistula. The Ropa river is a left-bank tributary of the Wisłoka river, and the Biała river is a right-bank tributary of the Dunajec river. The rivers originate at an altitude of approx. 800 m above sea level and in the initial run flow within the Beskid Niski mountains forming a transition area between the Western and the Eastern Carpathians.
The Beskid Niski Mountains study area is located within the Magura nappe. The Magura series is built of tertiary inoceram formations (shale and sandstone) that are resistant to weathering and Magura shale, sandstone and marl forming the highest ridges (Starkel 1972) . The study area is located within two vertically-differentiated climatic zones separated by the isotherm 6°C: 1) a temperate warm zone, on average, reaching a height of 570 m a.s.l., and 2) a temperate cold zone, occupying the higher parts of the mountains (Hess et al. 1977) .
The study area in the upper part of the Biała river, with a length of 6.6 km, is located in the villages of Brunary Wyżne and Brunary Niżne (in the commune of Uście Gorlickie). The selected area, similarly to the Ropa valley is bounded on the SW and the NE with a watershed and covers 17.2 km 2 . The Biała river valley altitudes in the selected area are 400-710 m a.s.l. The width of the valley floor stretches to 1500 m (Fig. 2) . The slopes are inclined at 10° and they occupy as much as 74% of the study area (Fig. 3) . The study area in the valley of the Ropa river with a length of approx. 7 km is mainly located within the Klimkówka village (the commune of Ropa) and marginally within Uście Gorlickie and Łosie villages. The selected area is bounded on the SW and the NE with a watershed and covers an area of 15.5 km 2 . The Ropa valley, is asymmetrical at the reservoir location, with gorges at some points. The Ropa valley altitudes in the selected area reach from 370 to 700 m a.s.l. (Fig. 2) . Slopes with an inclination up to 10° and in the range of 15-30° are dominant; they occupy respectively 47% and 36% of the area (Fig. 3) . The villages of Klimkówka (originally within the areas now Hennig (2000) gives that the concept of building a multipurpose reservoir at Klimkówka dates back to the 1960s. The main aim of its construction was to compensate for the Ropa flow by raising the low flows to eliminate the deficits of drinking and industrial water and to lower the maximum height of flood waves along the river. Field work aimed at preparing the ground for future investment started in 1971. The land intended for the creation of the reservoir was mostly private property. a total of 4.72 km 2 of land was expropriated and the area was earmarked for the creation of the reservoir and the infrastructure acting as the site. Work connected with the construction of the dam started in april 1975. The Klimkówka reservoir was started in 1994. The Klimkówka reservoir dam crown, with a height of 33 m and a length of 210 m, was located at the 54.4 km of the course of the river, about 20 km south of Gorlice. The maximum depth of the reservoir reaches 30 meters, it's length is approx. 5 km, the width ranges from 200 m to 800 m and the maximum area is 3.06 km 2 . The reservoir enables the production of electricity by means of a hydroelectric power station with a capacity of 1 MW located at the reservoir dam which also has a recreational function. The conducted study shows that local communities, both downstream and upstream from the reservoir, have accepted its presence in the immediate vicinity of their homes .
Material and methods
An analysis of land use changes in the selected research areas located in the Ropa and Biała river valleys was carried out for the years 1977 and 2009 using archival aerial photographs. The changes in land use and land cover (LULC) were derived from panchromatic aerial photos at a scale of 1:16,000 for the year 1977, and colour aerial orthophotomaps on a scale of 1:5,000 for the year 2009. Geometric corrections were performed to rectify all the maps and images using the Transverse Mercator projection system in a GIS ILWIS 3.3 environment (International Institute for Aerospace Survey and Earth Science 1997). In order to standardize the values of the maps from two different time periods, six consistent lUlC categories were defined: forest, grassland (meadows and pastures), arable land, road, built-up area and river/reservoir.
A Digital Elevation Model (DEM) was used with spatial resolution of 20 m. The DEM served to generate derivative maps of the proportion of LULC in relation to the slope inclination. According to the developed DEM, the area occupied by the reservoir is in the range of 0-2° slopes and its maximum range is at an altitude of 400 m a.s.l. In addition, using GIS techniques, areas used in the same manner in 1997 and 2009 were determined, and are characterized by a change in land use.
Results and discussion
The structure of land use in the valleys of the Biała and Ropa rivers in 1977
In 1977, in the Biała river valley, the arrangement of buildings and the configuration of each field indicated the type of forest and agricultural land associated with the village being founded on the Wallachian law (1435). Individual fields departed from the main road running along the valley floor and were overgrown with patches of forest in the upper parts of the slopes, stretching to the watershed. The valley was a rural area, where half of the land i.e. 48.8% was occupied by agriculture (including arable land 21.5%), while forests accounted for 47.1% (Table 1, Fig. 4) . Arable land stretched expansively from the main buildings in the valley up to the ridges of the mountain. The areas directly related to the settlement (built-up area, roads) were located mainly on the bottom of the Biała valley and occupied 2.4% of it. The total length of the road network in 1977 in the relevant study area was 15.0 km. On average, there was 0.9 km of roads per square kilometre.
Within the village of Klimkówka located in the Ropa valley, as in the valley of the Biała river, a strip configuration of the fields was evident. In 1977, forest dominated in the structure of land use (67.7%); it grew on the upper part of the slopes above the floor of the Ropa river valley, forming a continuous complex. The presence of the continuous forest complex was mainly conditioned by the steep slopes founded on resistant magura sandstones (Table 1, Fig. 5 ). Farmland occupied 25.8% of the study area. arable land with an area of 3.9% occurred almost exclusively on the bottom of the river valley. The bottom of the valley and the higher parts of the slopes were also covered by grassland in the form of meadows, pastures and orchards (21.9%). Builtup areas, roads and river occupied respectively 3.9%, 1.9% and 0.7% of the surveyed area of the valley. The total length of the roads within the study area of the Ropa valley was 22.3 kilometres (roads were mainly on the bottom or the lower parts of the slopes of the Ropa river valley). On average, there was 1.44 km of roads per square kilometre.
The structure of land use in the valleys of the Biała and Ropa rivers in 2009
In 2009, in the Biała river valley, similarly to 1977, almost half of the area was occupied by farmland (46.5%). as compared to 1977, there was a decrease in arable land of 27%, with a slight increase in grassland from 27.3% to 30.8%. arable land still stretched from the bottom of the valley to the slopes of the ridges. A slight increase in forest area and areas related to settlements was also noted (Table 2 , Fig. 4 ). Built-up area were distributed evenly, mainly on the valley floor, along the main road running through the villages. The total length of the road network in 2009 increased to 59.0 km, and its density to 3.4 km . km -2 . The analysis of land use changes in the valley of the Biała river in the studied time period (between 1977 and 2009) with respect to the surface of the designated area showed that 42.8% of forest, 16% of grassland and 7.4% of arable land are stable land (without changes). Over 13% of arable land was occupied by grassland and forest, and 2.6% and 6.5% of grassland, respectively, was overgrown with forest or was converted to arable land (Table 3 ).
In the valley of the Ropa river, 2009, as compared to 1977, showed a decrease in the forest area about 2.5%, which is mainly a consequence of deforestation at the bottom of the Ropa river valley (up to 396 m a.s.l.) during the creation of the Klimkówka reservoir. above the valley floor level at an altitude of 400 m a.s.l. (determined on the basis of the DEM, there was an increase in forest area). Grassland was reduced by more than 43% (Table 2, Fig. 5 ), which is, on the one hand, due to the flooding of the valley floor Grassland → arable land 6.5 0.7 arable land → forest 1.5 -arable land → grassland 11.7 0.7 arable land → reservoir/ river -1.8
Build-up area → reservoir/ river -1.8
Road → reservoir/river -0.6 The area occupied by the reservoir -16.1 (6.4%), but also from succession to natural forest in the higher parts of the slopes (3.4%). more than half of the arable land that existed on the Ropa valley floor was flooded as a result of the commissioning of the reservoir (Table 3) . During the 1977 to 2009 period the study of land use change revealed that stable land use (without changes) dominates, covering approx. 68%. In addition, approx. 3.4% of grassland was overgrown with forest through a natural succession, and approx. 1% of arable land was occupied by grassland and forest. Creation of the reservoir meant that more than 16% of the total area of forests, grassland, arable land, built-up area and roads was submerged by the reservoir (Table 3 ). The creation of the reservoir and the development of settlements on the area adjacent to the reservoir, contributed to the construction of new roads in the higher parts of the slopes of the Ropa river valley. The total length of the road network in 2009 increased to 38.1 km, and its density increased to 2.45 km . km -2 as compared to 1977. The creation of the body of water caused the development of housing around the reservoir, mainly within the Klimkówka village, on the left less inclined slope of the Ropa river valley. In the higher parts of the slope, on the right side of the valleys, where there were no buildings before the reservoir was created, scattered buildings appeared. Summer residences also started to be built next to residential houses in the valley. Therefore, the function of the buildings in the study area changed, from residential and agricultural to residential and recreational. Compact building, as in 1977, was concentrated mainly in Uście Gorlickie village, adjacent to the study area.
Changes in the structure of land use in the valleys' slope intervals between 1977 and 2009
In the analysed period, a decrease in the share of arable land in all slope gradient intervals was observed in the Biała river valley. The largest decrease in arable land, by more than 40%, as compared to that of 1977, occurred on the slopes of 15-30° inclination. The area of forest and grassland increased in almost all slope gradient intervals, with the largest increase in the area of grassland in the range of 15-30° slopes, by approximately 33% and area of forest in the range of 2-5° about 12% The bottom of the Biała valley is an exception (0-2°); the decrease in the share of the forest area recorded there was by about 19% (Table 4) , which can be associated with an increase in the area of grassland, built-up area and roads. Changes in the structure of land use which progressed gradually in the Biała river valley, are the result of the socio-economic transformations, resulting from the intensified political and social transformation of the country after 1989. The confirmation of these observed changes is the reduced share of people who earn their living from agriculture which almost halved in 2009, as compared to 1978 (according to a general population census). Similar changes occurred throughout the Western Carpathians (Kozak 2003 , Ostafin 2009 , Bucała 2014 , Bucała-Hrabia 2017 .
In the Ropa river valley, within the slope inclinations in the range of 0-2°, there was a decrease of arable land by 95%; such a large decrease should be associated with the creation of the Klimkówka reservoir at the bottom of the Ropa valley. In turn, on 5-10° slopes, there was an increase arable land more then 100%, as compared to 1977, which was connected with the transfer of arable lands from the bottom of the Ropa valley (Table 4 ). The creation of the reservoir also had the effect of reducing the share of grassland and forest by, respectively, 80% and 75% on the bottom of the Ropa valley (0-2°). along with the increasing inclination of the slopes inclination of the slope above 2°, there was a decline in the share of grasslands, on average by 35%, and a slight increase in forest area by approx. 6%.
Conclusions
The analysis land use changes in two Carpathians valleys in the period 1977-2009 showed the following regularities:
Changes in land use occurring in the Biała river valley in the 30-year period in question are especially in the areas at higher altitudes and on steep slopes; grasslands (11.7%) and forest (1.5%) areas emerged in place of arable land. In both 1977 and in 2009, about 66% of the study area was used in the same manner, and the overall structure is still dominated by agricultural land, which constitutes 46.5% of the study area.
The changes in land use occurring in the Ropa river valley in the same time period are more visible, i.e. decrease of arable land by 50% (on the slopes with an inclination of more than 15°). a very clear determinant of the direction and the scale of changes is the creation and operation of the reservoir. The most important effects of the creation of the reservoir include: loss of the forest area by 5.5% and farmland by 8.2% on the areas submerged by reservoir, the increase arable land more than 100%, as compared to 1977 on slopes inclined by 5-10° (which is related to the forced relocation of arable lands, due to the formation of the reservoir, from the bottom of the Ropa river valley to the higher parts of the slopes), a decrease of grassland by 35% on the slopes inclined above 2°.
The following can be distinguished among the other effects of the reservoir creation: arrangement of agricultural lands changed from the strip pattern to a more dispersed one, the road and construction network changed (buildings together with a network of new roads on the slopes), the nature of the buildings in the Ropa river valley changed from residential and agricultural to residential and recreational.
It should be noted that the general directions of the transformation in both valleys in the structure of land use are similar. A decrease in the share of agricultural land is observed, especially on steep slopes.
